Four esophageal-and ruminal-cannulated Angus steers (avg weight, 308 kg) were used to investigate how salivation is affected by the administration of purified slaframine (SF; l-acetoxy-6-aminooctahydroindolizine), a cholinergic secretagogue isolated from Rhizoctonia leguminicola. Steers were fed a concentrate diet at twice the net energy requirement for maintenance in hourly increments. In trial I, a single injection of SF was administered to four steers intramuscularly at 0, 6, 12 and 24-1,~g/kg body weight (BW) in a 4 x 4 Latin-square design. Saliva was collected via esophageal cannula at 15-min intervals 30 rain after each feeding, weighed, sampled and reinfused via ruminal cannula over a 10-h period. At 12-and 24-txg SF/kg BW, salivary flow was 31 to 43% greater (P<.OI) than at 0-or 6-1a,g SF/kg. Response peaked within the first 3 h and returned to baseline levels at 8 h. Buffering capacity and pH of saliva were not different (P>.lO); however, osmolality and Na concentration increased and K concentration decreased (P<.IO) as salivation rates increased, Feed intake of steers did not appear affected at any level of SF administration. In trial 2, 0-, 12-and 24-p,g SF/kg BW were repeatedly administered intramuscularly to three steers in a 3 • 3 Latin-square design at 8-h intervals for 24 h. Salivary flow was measured and sampled over the entire 24-h period, as in trial I. Flow rates were increased 50 to 70% (P< .01) by SF treatment. The pattern of response was similar to that found in trial I. Response to SF did not decrease with subsequent injections. Effects of SF on osmotic pressure, pH, buffering capacity and Na and K concentrations were similar to those found in trial 1. Saliva protein and n-acetylneuraminic acid concentrations decreased (P<.IO) with increased saliva flow rates. Slaframine may be a useful tool in furthering our understanding of the effects of salivary flow on ruminal function.
Introduction
Adequate saliva is essential for proper digestive function in ruminants because of its con~Paper no. 9879 the Journal Series of the North Carolina Agr. Res. Serv., Raleigh 27695-76OI. The use of trade names in this publication does not imply endorsement by the North Carolina Agr. Res. Sen: of the products named, nor criticism of similar ones not mentioned.
' tribution to the physical and chemical environment of the rumen (Bartley, 1976) . The major stimulus for salivation, chewing activity (Balch, 1961; Sudweeks et al., 1975; Sudweeks, 1977) , is substantially reduced with concentrates or high-moisture feeds (Kromann, 1976.) . In addition, rumen osmolality is typically elevated with concentrate feeding and is believed to inhibit salivary secretion rates (Warner and Stacy, 1977) . Insufficient salivation is associated with suboptimal animal performance and contributes to the etiology of a number of digestive disorders (Trenkle, 1979) . At present, supplementation with mineral salt buffers is the only method available to minimize digestive disturbances and performance of cattle that are fed low-fiber diets. Pharmacological stimulation of salivary secretion is a novel approach that may alleviate or minimize problems associated with reduced salivation. Parasympathomimetics have been used as sialagogues to study salivary flow and composition (Schneyer et al., 1972; Sinha et al., 1974; Beal, 1979; Guernsey et al., 1980) ; however, their effects upon salivation in regard to ruminal function are unknown because of their short duration of action and undesirable side effects. Slaframine (SF), l-acetoxy-6-aminooctahydroindolizine, a parasympathomimetic secretagogue isolated from the fungus Rhizoctonia leguminicola, was chosen for these investigations because it selectively stimulates gastrointestinal tract secretions for several hours without affecting cardiovascular function (Aust, 1968 (Aust, , 1970 . After entering the blood, slaframine is converted by the liver to a ketoimine, the postulated active metabolite that bears a marked structural resemblance to acetylcholine (Aust, 1968 (Aust, , 1974 . Pre-administration of atropine, a muscarinic antagonist, abolishes the response to SE while hexamethonium, a nicotinic antagonist, has little effect (Crumpet al., 1967) . Because of its unique pharmacological properties, SF may prove useful in stimulating salivary flow and altering ruminal fermentation.
The objectives of the following study were to determine the effects of various dosage levels of purified SF on salivary flow and composition in cattle. Identification of a SF dosage to be used in future experiments directed at altering ruminal environment without adversely affecting feed intake was of special interest.
Materials and Methods
Slaframine Preparation and Administration. Slaframine was extracted from cultures of Rhizoctonia leguminicola (Aust, 1974; Amos, 1980) and stored in methylene chloride (CHeCI z) to prevent oxidation. Analysis of the CHzCI 2 extract by thin-layer chromatography (Amos, 1980 ) indicated a preparation of high purity. The concentration of the SF extract (18.1 mg/ml) was determined by gas liquid chromatography with an OV-179 column using an external standard (Hagler et al., 1981 (Ellis et al., 1984) were injected with a single dose of 0 (saline), 6, 12 and 24 Ixg SF/kg BW in a 4 x 4 Latin-square design. The Latin-square was balanced, in that each treatment followed a different treatment an equal number of times, to eliminate the bias of carry-over effects. The SF was administered intramuscularly in the region of biceps femoris. Dosage range, route of administration and a concept of the response pattern were determined during preliminary investigations (Froetschel et al., 1984; Froetschel, 1985) . Steers were adjusted to the experimental diet (table I), fed at twice their daily net energy requirement for maintenance in hourly increments. The energy content of the experimental diet was estimated to contain 2.07 Mcal of net energy for maintenance per kilogram of dry matter (NRC, 1976) . On each day of the experiment, total resting salivary flow was determined for a lO-h period following slaframine administration. One day was allowed between each treatment period. Samples were collected via esophageal cannula at 15-min intervals beginning 30 min after each feeding. Saliva was diverted into a plastic bag with a polycarbonate tube inserted into the esophageal cannula. The polycarbonate collection device was designed to obstruct the caudal portion of the esophagus with minimal distension and to prevent contamination from the rumen.
After collection, saliva was weighed, sampled and returned via ruminal cannula using a peristaltic pump. Saliva was analyzed for pH, osmolality (Osmette A, Model 5002 Osmometer) 1~ sodium and potassium (Model 5000 Atomic Absorption Spectrophotometer) t~, buffeting capacity (Counette et al., 1979) , urea (Chaney and Marbach, 1962) , protein (Lowry et al., 1951) and phosphorus (Fiske and Subbarow, 1925) . Saliva samples were wet-ashed using nitric acid and hydrogen peroxide before inorganic component analysis.
Data were analyzed as a Latin square splitplot in time using the General Linear Model Procedure of the Statistical Analysis System (SAS, 1982) . Animal, period and treatment were the independent variables and the animal x period with treatment nested interaction was used as the error term to test these main effects. The sub-plot consisted of a time and a time • treatment interaction term. Differences between each treatment mean and the control mean were assessed using non-orthogonal single degree of ~Feed composition expressed on a dry matter basis.
~'NRC (1976).
freedom contrasts when significant F-values were observed. Trial 2. Three ruminal-and esophageal-cannulated Angus steers (avg BW 351 kg) were used to determine the effects of repeated dosages of SF upon resting salivary flow and composition. Each steer was injected intramuscularly in the region of the biceps femoris with either 0 (saline), 12 or 24 ~g SF/kg BW every 8 h for 24 h in a balanced 3 • 3 Latin-square design. In addition, 2 d were allowed between each period to minimize carry-over effects. Steers were fed similarly to trial I (tablc I), except .5 kg of chopped switchgrass hay were added to the diet to minimize foaming in the rumen. Saliva was measured and sampled hourly as in trial I throughout the 24-h experimental period. Osmolality, pH, buffering capacity, protein, n-acetylneuraminic acid (Svennerholm, 1957) , Na, K and P concentrations were determined on each sample. Saliva samples were wet-ashed before Na and K analyses; however, P concentration was determined on whole saliva.
Statistical analysis was performed as in trial 1 (SAS, 1982) , except data from each of the 8-h dosing intervals were pooled and a dosing interval treatment interaction term was used as a main effect in the statistical model to determine differences in response associated with repeated SF injections. 
Results and Discussion
Substantial fluctuations in daily saliva flow typically occur in ruminants and are related to feed consumption, rumination and digestion (Gray et al., 1967; Bartley, 1976; Kaufman, 1976; Kromann, 1976; Warner et al., 1977) . In the present study, steers were fed hourly to minimize diurnal salivary flow variation. Steers consumed their meals rapidly and ruminated infrequently after feeding, regardless of treatment. Consequently, salivary secretions collected during a 15-min interval 30 min after each hourly feeding were referred to as resting flow and not confounded by eating or ruminating flow rates. In addition, resting salivary flow rates for the control treatment (figures I, 2) were relatively constant in comparison to diurnal salivation patterns observed in cattle fed less frequently (Bartley, 1976; Kromann, 1976) , and facilitated comparisons between the control and SF treatments.
In trial I, the 12-and 24-p.g/kg BW levels of SF increased (P<.01) resting salivation over the control level (figure i). Steers responded within the first hour following SF administration, and increased salivary flow was maintained for 6.5 h (P<.05). During the period of peak response, saliva flow increased 31 and 43% for the 12-and 24-p.g SF/kg BW treatments, respectively (table 1) . This represented a 5.0-to 6.9-liter increase in salivary output during the 6.5-h period. In addition, .feed consumption was not reduced by SE unlike other cholinergic secretagogues that have been reported to suppress feeding in ruminants (Baile and Martin, 1974) . The effects of repeated SF administration (trial 2) on salivary flow is depicted in figure 2 . Salivation rate did not differ (P>.10) among 8.-h dosing intervals within treatment groups. Twelve-and 24-1~g SF/kg BW treatments resuited in 50 and 68.6% average increases (P< .01) in salivary flow over each 8-h period (table  3) dosing interval. The greater salivation rates observed in trial 2 (table 3) as compared with trial 1 (table 2) are probably due to the fact that the steers grew and were 14% heavier during the Second trial. Furthermore, the addition of .5 kg of chopped hay to the diet in trial 2 may have increased basal salivary flow.
Compositional changes, as a result of SF treatment, were most apparent during periods of increased salivary flow in both trials. In trial I, within the first 6.5 h after injection of 12 or 24 Ixg SF/kg BW, salivary Na increased 7.6 to 10.1%, while K concentration decreased 23.1 to 41.7% as compared with the control injection (table 2) . Concurrently, total Na output was increased by 38.7 and 51.5% (P<.01) for the 12-and 24-1*g SF/kg BW treatments, respectively; whereas, K output did not differ among treatments. In trial 2, output of Na was increased (P<.01) 48 and 71% with 12 and 24 Ixg SF/kg BW and, again, K was not affected. These changes in saliva composition are similar to previous findings when either pharmaceutical agents or dietary manipulations were used to alter salivary flow (Emery et al., 1960; Kay, 1960; Bailey and Balch, 1961; Schneyer et al., 1972; Sinha et al., 1974; Beal, 1979; Guernsey et al., 1980) and likely reflect adjustments in acinar cell metabolism associated with enhanced secretion (Schneyer et al., 1972) .
Salivary inorganic P concentration was not affected by SF treatment (P>.I0); however, its output tended to increase in both trials. Comparison of P concentrations between trials 1 and 2 reveals slightly higher saliva P content in steers during trial l (tables 2 and 3). Sample preparation may explain observed differences in P measurements between experiments. Wetashed saliva samples were analyzed for inorganic P in trial 1, while whole saliva samples were analyzed in trial 2. It is likely that the wet-ashing procedure utilized in trial 1 resulted in a release of P bound to salivary mucoproteins, causing higher inorganic P estimates.
Saliva protein concentration was increased 48% (P<.10) with 12 Isg SF/kg BW and de- aLeast-squares means were calculated from data collected 1.5 to 6.5 h after slaframine administration.
bStandard error of the mean.
~Single degree of freedom comparison different from control (P<.05).
creased 41% (P<.I0) with 24 Ixg SF/kg BW as compared with the control treatment in trial 1 (table 2) . Correspondingly, the total salivary output of protein increased 109% with the 12 ~g SF/kg BW treatment. In trial 2 (table 3) protein concentrations were 27.3 and 48.7% lower with the 12-and 24-~g SF/kg BW treatments (P<. 10), whereas total output was not affected by SF (P>.10). A possible explanation for the difference in results between trials 1 and 2 was contamination of samples with ruminal fluid in trial 1. The high-concentrate diet promoted formation of a frothy ruminal digesta; occasionally, some of this foam would be aspirated out of the rumen into the esophageal sample bag. Adding a small amount of chopped hay to the diet during trial 2 appeared to enhance the solid consistency of ruminal digesta and minimize eructation of luminal fluid and subsequent contamination of saliva samples. N-acetylneuraminic (NANA) acid is the mucoprotein constituent of saliva that is responsible for its viscous nature (Hungate, 1966) . In trial 2, NANA concentration of saliva was decreased (P<.05) by 48 and 50% with the 12-and 24-txg/kg BW levels of SE The decrease in NANA concentrations associated with SF administration indicate that as flow increased, saliva became more serous in nature. Even though NANA concentration was decreased by SE total salivary output of NANA was similar to that for the control treatment (P>. 10).
The differences observed in saliva composition for SF compared with control treatments were not great enough to influence osmolality, pH or buffering capacity (P>.10; tables 2,4). The effect of SF upon buffering capacity was of special interest because of the association between salivary flow and the incidence of acidosis in ruminants that are fed concentrate diets (Kromann, 1976) . Buffering capacity of saliva collected in trial 1 was analyzed over a pH range of 6 to 8 (table 2). In trial 2, buffering capacity was measured within .25 pH unit intervals from pH 7.25 to 5.5 in an attempt to demonstrate differences in specific buffering components of saliva with SF treatment (table 4) . In both trials, salivary buffering capacity did not differ between SF and control treatments even during periods of intense salivation (tables aLeast-squares means were estimated within 8-h dosing intervals.
2,4). Because salivary buffering capacity was unaltered by SE there may be an increase in salivary bicarbonate concentration simultaneous to the decrease in inorganic P content of saliva in SF-treated cattle.
To our knowledge, this is the first study to demonstrate that a secretagogue can be used to stimulate saliva flow in cattle over an extended period of time without apparent side effects such as suppression of feed intake. However, further studies are needed to determine if SF affects feed consumption at higher levels of intake. Furthermore, trial 2 demonstrated the capability of bovine salivary glands to be restimulated with SF at 8-h intervals over a 24-h period (figure 2). Alterations in salivary composition by SF is consistent with previous research with sialagogues (Schneyer et al., 1972; Sinha et al. 1974; Beal, 1979) , and are in character with the known affinity of SF for muscarinic receptors (Aust, 1974) . The exact mechanism responsible for the SF effect on saliva flow is not completely understood, although stimulation of the parasympathetic nerves in the parotid gland of cattle increases blood perfusion and enhances secretion (Bartley, 1976) . Resting salivary flow, as measured in the present study, is primarily the result of parotid secretion. The effects of sialagogues on other salivary glands and secretion during resting and rumination has not been extensively studied; however, preliminary studies indicate that SF does increase eating salivary flow rates (Froetschel et al., 1984) .
Slaframine administration in these trials, stimulated salivation of steers consuming a concentrate diet to an extent that would naturally occur if steers were consuming a roughage diet (Bartley, 1976; Kromann, 1976) . Additionally, the chemical and physical properties of saliva responsible for its buffering function were unaltered by SE As a result, SF may enhance ruminal buffering capacity and ruminal fluid turnover. Slaframine may prove useful in the study of salivation and its effects on ruminal function, as well as the treatment or prevention of certain digestive disorders associated with the feeding of concentrate diets.
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